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(c) "The Design for a High Speed Directional Interchange" 


ats be 


by Lt. C. We r, CEC, USN, Various methods for 
designing of directional interchanges for highways 
and the analysis of the controlling features of the 
several methods are included in the thesis. The 
"sniral-roll interchange transitioned right and left" 
is also described in "A Policy on Grade Sevarations 
for Intersecting Highways" published in 1944 by the 
American Association of State Highway Officials. 


By 
Charles ¥. Turner, B.8s, 3.C.B. 


TROY, Nay YORK 
August, 1947 
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The happiness of the American people and the welfare of the 
Hation os a whole are based largly upon the development of our 
aeericen ingemity. et 
these tools in such 2 manner as to provide smximzs benefit to 
ever developed in all history and its influence has been so great 

History fails te reveal amy nation achieving greatness that 
did not attempt to improve its roads to facilitete the movement 
of persons and goods fron one place te another. 

Highways have rightly been called "the sinews of civilisation". 

Today two out of every three femilies in the United Stes 
own automobiles. Billions of hours of humen happiness are 
provided wmumelly te the millions of autoncbile-omning families 
in fuerieca. Trojy, sighear transportation hex become « great 
Gemocratic force and has broadened life imensely. 

Not only has personalised transportation, brought shout mainky 
by the advances mate with the automobile, caused « social anil 
econcuie revolution which has chenged cur standards of living 
bat. om means amd methods of living es well. In fact, it hes 
became an essential part of livingd 


Actually a new way of Life has cose inte being. Acquaintence- 
ships and friendships sre no longer confined to the individual's 
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nearest neighborhood, Distant horisens end the pleasures of travel 
are nox within the reach of almost everyone. imerica has now 
becaue accessible to Anericans. liew highray transportation makes 
our national seuie beauties, our sumer resorts end winter 
playgrounds available to the masses, where before they were 8 
priviledge enjoyed only by the wealthy and those few residing 
in their imediate vicinity. This espect of personalized 
transportation has ironed out distinctions in class and has 
erased many social barriers. 

the highnays heve slnays boon the arteries of trae of « 
methods brought abeut by the advent of the automebile, the 
highvays now have an even cleser reletionzhip to the econosic 
he movement of automobiles is often ef a business nature. 
lien and women go to and fron work in their cars. Countless salesuen, 
rural letter carriers and others engace in sarning « livelihood 
use passenger cars to get about. . 

Every other means of transportation is absolutely dependent 
upon road transpertetion for the begining and completion of the 
journey. Modern highway trensport<ction has brought the farmer 
wearer to bis markets and hes greetiy increased his trading radius. 

Improved highways and moter vehicles have been of inestimable 
value to ell communities; but this is particularly true in the 
euse of those cities and tons that depend entirely upon highway 
transportation for their contact, commmnicstion and intercourse 
with the outside world. There are many such comsunities thet 
have no railroad service and are entirely dependent on motor 
transportation and without this facility they could not exist. 
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One economic item that must not be overlooked is the increase 

in lond values, both urban end rural, snd the remilting increase in 
ether eaters heya rnc Ar gemnsccemcono ll Uncounted 
kay SRE 4G a Ba ar Bd 
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3 ‘De-contrslizution of industry my be an evolutionary change 

that Teeiags shout certain local sad temperary dlecdrastoges. 

te the countzy as a wholes Great congestions of population and 
industry are conducive to degrading socisl comiitions, « lowering 
stendard of health, higher transpertetion costs and reduced 
efficiency in distribution. | 7 

oe wiithary Geteame af 0 sotien ie one of the wathenst 
goverment’ first asd foremost dubies and all great ullitery figures 
of history hove recognized the necessity of adequate reads for our 
nations] defense network, Nox, as never before in history, highways 
take & new and more important meaning in the military scheme of things. 
In years past, the extensive developuent of kighrays heve been opposed 
by some on the basis of providing good inmrosds inte the heart of the 
coumtey for an invading eneay. Thies denger, though 1% was used to full 
advantage by the Allies in the defext of the Axis in the past war, no 
longer is of any recl With the introduction of the ctenic 
bowie into werfcre, it has become a military necessity to use the 
highways as a means of moving large masbers of people in relative short 


intervals of tine from the congesbed arcas to prevent their ammihilation 
in mass. GS long as the grect-power relctiona show symptoms of 


chromic instability, reduction te the volmersbility of attack in any 


mamer wheteve comemis our imsediate attention, horever reluctait. 
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militery alike, on the nation es a whole is umsuclly important to 
the wolfore of the people of the United States as individuals. 
late Frenklin 3. Roosevelt on 1) April 1911 appointed a committee, 
to be imam as the Nations] Interregional Highway Comittee, "to 
investigate the need for a limited syste of nstional highways te 
some of the manpower and industrial capacity expected to be 
availeble at the end of the war." — 

are advanced ani the higher the standards of Living of a nation 

&@ nation from economic stagnation, enrich its social life ani thus 
@levete ite standards of living. 

be guided by the past, of course. They must use the present as a 
point of departure for predicting the future inovations and 

rapid strides mede by the autosstive industry. At the saxe tine, 
he mist not be afraid to accept a mew idea or inovaetion even though 
it may meen discarding an old idea that is ususble but which has 
a Very definite limitation or is basically bad, Om the highway 
engineer's shoulders rests the safeby end comfort of millions of 
dmericans, Te think and act contrary to this, is to waste, for 

a time, the technological progress BREE in the trensportation 
mediun involved. 
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It has been addtted by some, without to meh loss of fece, 


inaneia. sah shill, inliateatie. 

1 nce the Snterregdonn Iehey aysten oo soposed by the 
interregional Highway Comittee ic ome thing, Te try te 
ct lhe die bliasl an, ieactanis Dlis ba sAGIR. enetnetts 
In peace, a bloodstrean over which Prosperity will travel. In war, 
@ escapewey over which Nemkind will travel to miintain a way of 
rural, there exists the unsolved problem of “directional interchange" 
which if solved practicaily, would previde rapid end continous flow 
of traffic in times of pesce and wer. | 
the pages that follow. 

The ery, new and abvraysy ill i tial sak ance tents 

"Const to Coast...ab 2 SAFE 70" is net just another pipe dream. 
fox without its solution Mercury agein returns to his spatial 
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The purpose of this thesis ia to meke « study of the cimectiond 
perehca vepticntenibeiiiiteemenele 
entailed by having to tum right to go loft. | 
It is also the cuthor's purpose te restrict hineclf to tre 
levels of traffie flew, provide for an overall speed of fifty miles 
grester than five percent, aveid the use of broken back curves, 
Where absolwttely unavoidable insert spircio each side of the 
pois of reversed curvatures to euke the transition as easy 2s 
peselide on the Griver. 
the course of preparction of this thesis were comeicered to be 
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Little Coupten, Riods Islew) would require « great deal of spacey 

give a very inefficient utilisetion of thet spece. In aiditden, 

it combuing one very serious limitation thet would make the 

mast cress when coming dees the through-traffic 
lowever, there is om: importaxt thing that the sather feels 


treffie flew levels, be it two, tires or fam’, is so controlled 

by ite Limitetdems thot there are only « fer favercble solutions 

ee enn een ee stuly of the linitatdons 
In another senso, tiie coincident, discomeerting as it was to 

people's problaus even though they meq be cutside their cen chosen 

field or profecsion, wich in iteclf is a very bealthy mental 
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lr. leslie Williane states in his article, "what can be done 
development of reasonsble freedom of traffie uovenent, the rewovel 
the orderly developuent of new facilities depenient on modern 
_ the ET.8.C, will sean the emplogacnt of 2 large number of © 
interchanges throughout the United Stetes anc a practical solution 
te the project as a whele and previce the Americsn people witha 
standad interchage that will be compatible with their way of life 
- end the same, whether locsted in California or lew York Stete, so 
thet once they learn its prypose and interworkings they will find 
their route by following large, clears comise signs, appresch the 
interchange at high speeds with confidence, end be conscious thet 
they are «a part of the resulting smooth flow of traffic rather than 
# confused part of whet was once a meelstroa. 

Te sccomplish this certain considerations are necessary sinte 
it has been estincted thet some 0,000,000 vehicles will be on the 
highways by 1960. 

These considerations cam be based on the following basic 
principles: SAFSfY, for protection to oneself anc property and to 
others; CONTINUOUS FLOW, for comfort anc comveniences SPEED, for 
time saving and quick arrival and EconGiY, for 2 saving in expense 
te the vehicle operator as well «a to the government buiidia and 
maint:ining the right-of«ay. 
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or retarning to mtropalitin senters ant in « feectionst the fase 
tien with adtec sefety. This drescticuily domenstrates the iuportaase 
of the interchange in the cevelopuent of actor tranmporte 
the large muber of uncidcnte anmelly frou treffie deaands increased — 
@are in the desiguing of highnuyte 
83 separcte higtny systens entirely are necessary to elisinste meiial 
interference, as well ce reducing interna] interfermnce. tho 
utilization of deceleration ani seeleration lause is necessary in 
Shes be weie, In bigh speed higheay design it wili become aecesssry 
to place direction on the Kighway wesring sarfece or on large signs 
er te Tost. ab the approushee to on interchange. Sigme shovlé be 
pleces well back of 2 turn off Jane in orver Una cere cai change te 
the corrects traffic ism. Since 1% is impowsiole to reed aore thon 
we teens of the aim sign whem passing «6 high specd it ie useless 
to wat wore. The coreiopmment of “parkrsy lighte® is 2 mecesity 
Sime 14 is demeging to 4 crivers' eyes to be futing the bright lights 
af the opposed-traifiec cireas for long pericde of time enc uske ih 
hag te aske out the mosd aheod os well. Lights thet cre aligned on 
tie center Ling er the use of hades aiong the aedion strip waen two 
highwogs ore elese togetier would eliniaes thle hazard snd moiseuce, 

There ie geners agreement thet sound safety reguletions should 
must not tei to Liedt speed nce slow down treffic flow in ony mammer 
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the aftemsth “back-up” congestion will be evoided. 
spreading the one-way reade nesr « grade separation structure te 
the extent thet the highvay designer finds thet he is no longer 
dealing with the center line of « divided highway but instecd 
Systen and other networks of the express type of highway, ir. 
conclusion that the entire concept of ‘divided highrays' or 
‘double-barreled highways' or ‘highways with pariaray medians’ 
or whatever they may be called, should be discarded in metropolitan 
areas in faver of a aystem of one wey rosie." ee 

This would free the designer and encoursve him to think 

SPEED 

Speed has long beon « feetor of prime importame in the life 
of mam. Since the advent of the machine ace, he hes crectly increased 
his tempo of life. With imereased speed, comes increased hazard. 
For now, 70 miles per hour sceus to be the maximum to be considered 
as far as hichwoys ere concerneds 

BCONQUE 

iow anmaal cost is a major consideration in the choice of 
conmerete pavement as a wearin: surfaces 

Bech progressive design, though it may mean acdition.] first 
cost, it aleo means added sefety to lives and property and in thst 
way pertielly justify the additional cxpenge imvelved, Teoy an 
interchange is « suall port of « larce ever all design whose proper 
functioning depends to 2 large extent upon the adequacy of the 
interchange. A chain is only as strong as its weekest link. fo 
Gras a parallel, it would seem that additional expense would be 
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since this is contrary to the genere] trenmi—speed, Two, sub-systems 
of rosds inside the interchange showlé not be provided for people who 
nake mistekes in the interchunge, since once confused person inside the 
interchange represents a heward to «ll others psssing throagh the 
inverchance at thet time. Heononlecliy, the aided expense for such 
_ e sub-cysten is not warranted end & person who does not know uhere 
‘be is going er har to get there should not be on the highway moking 
| igh speed for be is nothing short of an "aecidonts looking for sone 
- llave to hoppen". It would be better to provide "pull-over sones* 
- qutside the limits of the interchange whore unfasilicr drivers eould 
’ pull over snd study signs oni directions te their destin:tion and 
then continue on their way. 
de Yor safety, simplicity should be the keynote of design. In 
testing 2 road network for cimplicity, it is warlee to view it os 
a whole, which cannot actuclly be done exeept fron the cir. ‘the 
entrance and exit, and the direction signs. If the route fron the 
ewizies to his destination ie samy t0 tewnil, dizer’ in charecter ant 
free of sections that migit confuse the driver, it is simple in 
design regerdiess of how St wey appear on peper. 
the express higi:ray has became an economic necessity where 
heavy concentrations of moter vehicles met be handled. Wasted 
hours, millions ef then, result fro congestion on highways thet 
do not have the capecity fer stesdy flow of lerge volumes of traffic. 
The interest now is not so much in hicher speeds on the higierrs, 
thet ie speeds cbove 50 miles an hour, but rather in conmtimous flow 
of treffie, since traffic congestion reterds busimess anc civie crowth. 
Roadway intersections eust be considered in terms of their 
eapabliity and cepacity te accomodate the pesk loads to which they 
are ox will be subjected to. If designed for peak Lond the 
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» structures, such as the cloverlesf and the widely spread intersection, 
egeinst the use of either the cloverlesf or the other widespread 
types. 

The “spiral-roll" design gives minim: length of trevel for 
interchanging traffic, adequate capacity fer lerze mmbers of 
vehicles during peak periods, ani simplicity in design, providing 
natural paths of travel. 

The feature open to the most criticien will be the use of 
eight bridges and the justification of their expense. Without 
| ferther study, no justifieation can be given except thot, ifsome 
of the interchances proposed sre considered economiexl and are to 
Me Cia tke davige So Sect an querteiins’ ond dust os 
practical. 
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Cloverleaf Fig. 2 Basket-weave 
witn left turning circle 


Basket=we ave Viey. h rious Basket=weave 
with transitioned left th transitioned left 


Fig. 5 Spiral-roll Fig. 6 Spira l-roll 
circular right and left transitioned right and left 
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ANALYSIS DATA 


PIG. 2 


FIG. 3 


FIs. 406 FIG. 5 FTG. 6 


l4s230,000 1,752,000 1,762,000 vi 
24230,000 1,090,000 1,090,000 1,090,000 


~ 630,000 WyhyGOO  hhkyOOO Lh, 000 
Toh02,000 2,380,000 2,380,000 2,360,000 1,950,000 
3,360,000 1,196,000 1,196,000 1,196,006 


—_ 


6h:6,000 
2,500 


25550 25950 
1,88 2,210 
1,80 1,790 
2,800 2,866 
25280 2,280 
1,986 25200 
29550 2,350 
1,78 1,650 
1,250 1,100 
31,100 325100 
23,600 2,560 
318,80  19,h80 


200 2,620,000 2,000,000 


480,000 500,000 
360,000 625,000 
635,000 

275,000 175,000 
25220 3,850 
1,592 33900 
1,194 257k 
39200 25150 
29508 1,500 
25200 1,189 
2,00 1,760 
2,280 1,350 
1986 97% 
32,850 = 331,120 
25,288 23,400 
21,186 19,616 


The main faults of the cloverlesf have already been discussed 
and the only resson for repeating then here is for the purpose of 
high speeds ere the confusion esused the driver by having to go 
right to turn left, the excessive area required, wasteful utilization 
of this space and excessive distance of travel on the left turn. its 
one advantage over all other designs is the fact that one bridge is 


With Lei Turning Circle | 
i This design requires four bridges to make the traffic separstions. 
it demands excessive area alsog but the reason for discarding this type 
of solution was the fact that left-treffic might try to cross the 
through—treffie lanes to correct « mistake made in direction. ‘The 
main reason for developine this type was to limit the mutber of bridges 
to four. 


With Trensitioned Left 

Limiting the design te four bridges and using trensition on both 
ends of the left turns increased the area more thon wes desired. 
Desigus with eight ami twelve bridges were stuiied and the best solution 
Obtainable by this methed is using four bridees fer the through-treffiec 
and four skewed tununcis for the transitioned far end of the left turn, 
teking the left turn near transition off after pessins under the last 
through-traffic bridge. The use of eight bridges «ni the excessive 
area requirements were the reasons for discarding this type of design. 

Wo grade limitations were found in amy of the designs above 50 mph3 
but when speeds below So mph were studied, grades went ebeve the 5 percent 
limitestion imposed on all designs. 
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This design is similar to the designs shown in Figs. 1 ond 2, 

qu thie type of design, outside the excessive area required; is 
the steeper grades necessary. All grades on the left turn are 

it was again necessary to discard a design due to definite 
end undesiracle limitetions., At this point, though, one fact was 
apperent—no satisfactory system could be designed with less than 
e@icht bridges es long as the design was limited te two levels of 

An entirely different approach te the problem led to the 
development of the desien chowm in Figure 5. It required less area 
fer any design epeed then any other design studied and was done 
with only five bridges. However, four of these bridges hed a high 
degree of skew and not until the "single-colwm® trpe of bricze 
entered the study did it ecem practical at «ll. The reason for 
discarding this design was leck of transition on the right and 
left tums. One advantese though that might be senbioned here is 
thet both the right and left turns cam be made on « horizontal gerade 
and be brought as close torether as desired, provided thet the 
enifting for through traffic, done by the chew bridge et the approach, 
is dome far enough back in the right-of-way so ag not to limit the 
eredes to values above 5 percent. 
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This is the design finally used ani is the outgrowth of ideas 
gained in the study of ell the other types. Essentially it is the 
seme as that sham in Figure 3 but transition wes employed on both 
the interctange will be Cisoussed more fully in the poges thet fellew. 

Desending upon the derree of the intersection where the throush- 
traffic passes over the oppésed-troffic, a lot can be dome. This is 
the one thing thet controls the entire desimm, Fer purposes of this 
work 30° wos used as 5 desi value and it seemed to have worked well. 
If you ave willing to cecept depress below thirtythe eres can be cut 
‘together to make the elimination of the four bridges in the center 
pessible aad their replocesent with one bridee eapuble of hendiing 
four ilenes of traffic. 


TYPE GF WiTasecTICn 
fecilities in vorying degree for peraitting lerge muinrs of 
 @ivided express highways, intersecting at 90° or nearly so. 
of flow in ony one dirsetion es shom by the traffic euvey of 
aiding adiitional treffic Lanes in thet direction without heving 

por hour en < level grade, using transition =t beth emis. fo aske 

To make the Left hand terms, the criver stars im the left 
indiested by signs dleng the side sf the read or on the road 
gurfece ites}f, The ieft hemi tums are designed for the ome 
spesd es the richt hend turns bet 2 down grade of 2 percent is 
uscdes 

The throughtecffic of the two highways is accommodated st 
different clewations to aveid interference. It is sssumed that 
spesic on the bichway casing to the interchange will be in the 
neignberheod ef seventy miles per hour, the curves which for: 
the eppreach to the interchance are designed for « speed of sixty 


wiles per hour to cause the treffie to slow while passing through the 
interchange and te svold on dorupt slew down for those wishin: to go 
Se ee ee ee ee 
treffie te alow dom. 

taking advintage of ony topographical fectures of the srea under 

5, Youse Gacusont Bo. 379 on the “Basie Standards for lead and 

“Mee wate of tame sve designed for onw tte liane and 
iA ates Mita a te cle ote pain toques validhs the: thegntdend 
esaprcity is based, 

The work imvolwed in thie thesis inclucess on emdysis ef several 
comeidered simee sli ecomesic ansirsis involves epecd one ear or ancther. 
Either ty loss due to confestion, lack of «bility te mele time, or the 

ere important in ascther semse ia aitety for «ithout complote 
usiety ab Gesign speed the intercscme woule be of uo use whidevir.s 
Using «= speed of 55 wiles por hour as « mimiews design sreet throughout 
the interchange cove long sucepine curves thet eve transition at exch 
end te give eugy chance of direction te te driver vithout Giscosfort. 
Altheuch these carves climincted the posdibility of = campect design 
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tims justify port of the initial construction costs as well as 

Coutimons flow of trffie was considered te be an esseuticl 
te the design tet the cuewes were to <ct a6 a weens of slowing 
& Griver doen to « “safe 50" when entering the interchange. 


 §% could evaily encag: be adapted to 2 losetion. Yertiosi slipmeent 
wes couguted on the beele af « sero dotum ploms. 

For faisty lewel growxi th< cube oculd be uece to balenwe the 
megificé £o as to take sdvarieace of wg fevorable tecepgrocdec fectised. 


SGeqeate dreisege gan be scoomplished by preper eroding of the 
M@epes. Superelevetion on curves, parabolic cram on the sein roudsay 
oni the vartiesl grides will sapply aGequche drcincge for the roasts. 
in tines of excessively heavy stems or heavy storms of short Guestict, 


$% will be neceseory to design the slopes of the gro imaice the 
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Efficient creinege is important since the life of the highway 
oro a Oe Pe Renner ee nee te Peete 
in one direction. 

The problea becomes somewhat involwed in thet the highvays 
form many possible impounding sreas which would heve to be draincd 


PAVESSHT DESICH 


io weering surfsce was designed since it would be based only 
The use of portland cement concrete slab pevement throughout the 


Time did not permit the coapicticon of a model. of the interchence 
as designed. The interchange is simple in design.and not hard to see 
in volume after a sit of studyy but a model would .mcke such 2 Gesign 
eesler to widerstend ami show the general appearance, solutions of 
Geteils, size and propertioning of parts, necded tawatment Ge secure 
a@ppropricte surrounding topegraphy and the overall plen anc tyne of 
beautification and landscaping. Also e model woulc serve to cive an 
estim=tor ami contractor better ideas of whet is expected of them and 
affect their bidding accordingly. 


BRIDGE DESIGNS 


Right bridges are required im all. The four through—traffic 
bridges should be of the rigid-frew, reinforced-concrete type on 
account of their economy and adaptability to various architectural 
treatments. 
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The four skew bridges were at first conside-ed to be the Limiting 
factor in the adoption of this type of design, After reading Mr. Finke's 
however, it appears that 2 similar type of structure could be designed 
for this purpone. Sascntially it would be a readeay supported by only 
elevation wes gained to provide six feet vertical distance for the 
bridge structure floor end roadbed, giving a Ul: foot minimm overhead 
fellows: 3 fect to reilings, 6 feet to sbutments, piers and the like 


BSTIMATS OF COST 

I is difficult to mike amy cost estimate for this type of design 
G@ue to the variation in the cost of miteriazls ani labor, However, it 
is felt thet the oversll cost would not be se great as the four level 
design made by Groman emi Panchorst for use in California. ‘They plen 
te spend $1,700,000 for the structure alone the design still has the main 
@isedvantcce of interchances to detes nomely, heaving te go right to muke 
e Yeft turn. There will be a saving in right-of-way cost by the use 
of this type of interchange and future savings in operatin: costs by 
the structures involved ss compared to any other type are large enough 
to retire any immediste excess construction costs within 4 reletively 
short tine. 
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‘ Right Turn curve 50 mph 
ek curve 60 mph 


Mia rogred mt for ciierent speeds with conection 


S © tip expenianedes bn Path pee Sek at a, 
¥Y = the speed of vehicle in mites per hoax. 
R @ the redius of the curve in fect. 
# = the side friction factor 

Using « mocimum superelevation dlape of 0.10 anil 2 waximm 
gale Lecter for frictional resistance of 6.16, the miniom: eafe 
radius of curvature cam be commited from the formula: 

RS 0,258v" 

Fox apeeds of 50 and 60 miles per hour, curves with radii less 
than 6; ad 928 feet, respectively, should not be used, These 
correspond to curves of &.9° and 6.2°, respectively. For 4 speed 
ef 7O wiles per hour, a lower friction factor of 0.1) end a 
weximum superclevation slope of 0.10 result in a minimwa safe 
redius of 1370 fect, radius corresponding to a curvature of ),2°, 

it has been common practice te superelevate pavencnts on curves 
to counterect all the centrifegel ferce of a vehicle traveling at 
@n eseumed speed. Because of prootical licttiations on the amacunt 
of superelevetion it is not possible to compensate fully for 
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centrifugal foree on sharp curves as it becomes necessary to rely 
upon friction, in addition to superelevution, te prevent 2 velicle 
up to s maximun practicable limit of 0.10 foot per foot of width. 
the maxizam speed for which a curve is designed finds it difficult 
_ te confine his vehicle to his treffic lene and maintain a uniform 

Te avoid this hasard transition curves are employed at both 
ends of all curves, encbling the driver to maint<ein a uniform specd 

The transitions as designed are considered to be long enough 
go thet at the speed for which the curves are designed, the driver 
ip sllowed enough time to change fros a straight to a cireular 
motion by turning hie wheels graducliy and to awing inte the 
circular part of the curve within the linits of the oceupied lene. 
St the same time the driver feels the developaent of the centrifugel 
force gradually, causing no discomfort. 

The required length of transition is based on the following 


formula: eB 
leg = 1.68 
where, iL = the length of the spiral in feet. 
VY = the speed of the vehicle in miles per how’. 
R <= the radius of the curve in feet. 
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Widening of the curves was Dased on the feria: 


a 2h GP = 12) Be 
where, W = the widening of the readray in fect. 
R = vadbus of the curve in fect. 
L & the length of the wheel base of the vehicle 
in fect. . 
Using a wheel base of 20 fect, as recomaended by the American 
wad replacing the 35, which is probebly « design speed, with V, 
we n(n = ( ~ 100)2) +23 
where, n «= the mumber of lenes wider consideration, 

The above formila wae recommended by I, Joseph Barnett in 
his “frensition Curves for Iighways". te tarther states, “Present 
practice regarding the degree of curvature beloy which ne widening 
is remired varies between 5° and 696°, It is suggested that no 
paverent requiring less then 2 feet of widening in accordance with 
the formila be widened. This results in no widening on two-lane 
pevesients on curves flatter than? 

1° for © uph 
So ter 4 & mph 
and 6° for 50 mph." 
Tests and observations of driving hebite indieste thet for safe 
and comfortable driving « treffic lane should be st least 11 feet 
wide, Since the suthor chose to use a twelve foot width in the 
design, it will be necessary to widen the single lanes for right 
and left turns te 13 feet. 

Theoretical capacity of traffic lanes was computed by « 
formila recomended by Hr. John H. Bateman in his text, [ighvay 
Engineering. 
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where, No om the number of vehicles per hour. 
3S @ the speed of the veldcles in miles per hour. 
G S the clearence between two consecutive 
L = the length of vehicle, in feet. 
of dune this year shows the 1917 passenger cars to have on cverace 
of pessenger cars in wind, the avthor has selected 18 fect to be used 
as a depign value. 
The maximum sefe theoretical expecity for one traffie lane is 


based on the formmuilat 
s°i8 + Ese 


the stopping distence in feet. 
the speed of the vehicle, et the tine of 
Gbserving the obstacle, in miles per hours 
the tote] reaction tim: of the criver in secorlss 
& = the rate of deceleration of the vehicle, in 
fect per second per secori, 
for casputing the clecrence between two consecutive vehicles, since 
this clearence is assumed fer design purposed to be equnl to the 
minimum stopping cietance. 
The stopping distence of a vehicle depends upon the sigh’ 
resection time of the driver and the brake reaction time. For 


' 


purposes of this design a resection tine of i seconds is semezod 
and a deceleration rate of 9 feet per second per secom! is used, 
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as recommended by Mr. Bateman. ‘This resulted in the following 
values: for 50 mh =«_-195 feet 
60 mph «29 feet 
70 mph 308 feet 
Using the above values for clearence between two consecutive — 
vehicles in Batemen's forma, the following capecities were 


50 mph 12)0 cars/hour/lane 
60 mph 1190 cars/hour/lane 
70 mph 1140 cars/nour/lane 


The through-traffic lanes are 275.66 feet long, right~traffic 
lanes are 1188.88 feet long and left-treffic lanes 966.67 feet long. 

The overall horizontal alignment wasmade in accordance with the 
recomended standards of Mr. Joseph Barneti's "Transition Curves for 
Highways", whose main object in writing the book and designing the 
tables was to make it as simple and inexpensive as possible to design 
and locate curves with transition as used in highway design. 

Without such a simple methed for computing the horisontal 
alignment, it would have been impossible to have studied so many 
interchange designs and modifications in the time available for the 
work. 
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Curve with transition—both ends. 


TRANSITION S¥YMBULS 


Point of intersection of the main tangents. 


Tangent spiral, common point of tangent and 
spiral of near transition. 


Spiral curve, common point of spirel and 
circular curve of near transition. 


Curve spiral, comnon point of circular curve 
and spiral of far transition. 


Spiral tangent, common point of spiral and 
tangent of far transition. 


Radius of the circulsr curve. 


fo 


Length of spiral between T.S5. and S.C. 


Length between T.S. and any other point on spiral. 


Tangent distance P.I. to T.S. or S.T., or tangent 
distance of the complete curve. Cd 


External distance P.I. to center of circulzr curve 


portion, or to the 5.°.S. of a curve transitional 


throughout. 


Spiral curve spiral, common point of both spirals 
or midpoint of a curve transitional throughout. 


Long tangent distance of spiral only. 
Short tangent distance of spiral only. 


Straight line chord distance T.5. to 5.C. 
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° ef circular curve produced. 


k Distance from T Se to on tangent 
produced. 


sO ee er a eS Se 
Poul, we portion of the curve. 
*s complete curve aad the tangent at the 5.Ce, 
@ $Interssetion angle the tangent of the 
é curve and tengent at 


om Begree of the 


circular curve as degree of 
Sorted Xf uglteul th the Sole Lent datiathion)« 


| Degree of curvature of | at any other point 
¢ on spiral (are definition). 


he Deflection angle from tangent at T.S. to S.C. 


Deflection angle from tangent at any point on 
s Spirel to em other point on spiral. 


Xo Je Coordinates of 3.0. ani measured from the 1.3, 
My Coordinates of aq other point on spiral from the 
Tbe 
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by the utilisation of a vertic-l curves: The parcbola is used 


ci der is be neque 
Wt me edna 2D SFC atch Sate. Caen 
the design, in this ous, is such thet the small grades ond 
twaffie only in ove direction precludes any considerction of 
nisin aight Gistence wime the danger of a hecd on collision 
iz impossitle oxi if traffic is flowing et designed speed 
there should be 1ittle dentro to or fer attempts ate to pots 
care while in the interchange proper. ‘ 
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% sight digtence ix stations. 
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above the rocdway, seeumed the same for 


two wehicles going toward exer other, ususily 


teuxen ag 5 feet. 


In view of the present trend terard lower heights of aye, 4 foot wos 


= Che stirs leneth of wrties! curve in stations, 


© werticul beieht in fect im toe line of sight 
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| ware, i. the wertionl distinney Sn Lest, from 
ger ‘the intersection of the grode tengente 
mB: ‘Bo the midpoint of the curve. 
be R—-G the algebraic difference, in per cents 
oe @brars expressed as « positive muxbers 
oe 2h Lb & the lencts of the curve, in fect. 
8 Ly feet ss recomended by the auerieon Association of state 
ee ee ee — 
a nie oe Ol 
eurves of s redius shorter than 200 feet and at the rete of 1 
) perwect per 56 feet reduction in rodius. 
; Since there is more recistonce to acticn om = curve then 
08 & tencent, ani comsequentir for « certain working prode ann 
\ Semgent, the corresponding grade on = curve showld be corrected 
sccordimly. Gy keeping slepes below 5 percent ani redli qeater 
then 260 feet this compensction wes not necesscrys 
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0% = he L = 2 stations H= 1 foot 
lg-<ks Lah stetions t= h fect 
Stetion Elevation Station Elevetdon 

8 17.25 00.00 9h 28,62 19-76 
86 53.82 00400 9h 78.62 19.00 
8 78.62 00.00 95 26,62 17.76 
87 03,82 00.06 95 TB_82 16,00 
87 26.62 00425 % 16.82 12.00 
87 5362 00656 97 78.82 8.00 
87 78.82 1,00 $8 76.82 44.600 
86 03.62 1.56 99 03.82 3006 
6&8 28.82 2625 99 28.52 2025 
8B 53.82 3006 99 53-82 1456 
88 78.02 a00 29 T8482 1.00 
69 78.82 6.0 1 03,62 00.56 
9 75.02 12.00 200 «628,62 00.25 
Fi 6.62 16,00 100 53.82 00.06 
92 28,82 17.76 100 678.82 00.00 
92 E82 19.00 101 63.82 00.00 
93 28,82 19-76 102 03.82 00,00 
$3 76.62 20.500 133 (62.93 00.00 
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hk TB.82 19.00 
5 28.82 116% 
9S Habe 16.00 
FS T.82 14,00 
- 97 78.82 12.00 
9 76.82 10.00 

(98 97438 9460 

99 525 8.00 

TOL 525 00 

302 00.25 3006 

102 25.25 2.25 

102 50,25 1.56 

3102 (15.25 1,00 

103 00.25 00.56 

103 25.55 60.25 

103 50.55 00.06 

303 75455 00600 
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